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|
PREPARATION OF SULFIDES

The present invention relates to a process for the
preparation of sulfides by reacting a sulfoxide with a
hydrazine or hydroxylamine derivative ora quaternary
salt thereof.

Numerous methods for reducing sulfoxides to sulfides
are described in Org. Prep. Proc. Int. 9 (1977), 64-83.
However, the conventional processes either give mod-
erate yields or employ chemicals which are expensive
or difficult to obtain. |

We have found that sulfides of the formula

RI-S—R2 . _ 1

where R! and R2 can be identical or different and each
1s an aliphatic, cycloaliphatic, araliphatic or aromatic
radical, or R! and R? together with the adjacent sulfur
atom are also members of a heterocyclic ring, are ad-
vantageously obtained by reduction of sulfomdes when
a sulfoxide of the formula

II

Il
Rl—S—R?

where Rt and R? have the above meanings, is reacted
with an amine derivative of the formula
HoN--XR? I1I

where X is oxygen or the radical

I1I
-—N-— .

and R3 is hydrogen, a sulfonic acid group or an acyl

radical, or with its ammonium salt, the carbonyl groups

which may be present in R! and R2 being converted to
ketoximes in the case in which R3is hydrogen and X is
oxygen, and to hydrazones in the case in which R3 is
hydrogen and X is the radical |

N
|
H

Where hydroxylamine-O-sulfonic acid and dimethyl-
sulfoxide are used, the reaction may be represented by
the following equation:

] —N; .
2HN—O0—SO3H + H3C—S—CH3; —g5>>

H3C~—S—CHj3 4+ 2H2S04.

Compared to the known processes, the process ac-
cording to the invention uses simpler and more econom-
ical starting materials and gives a large number of sul-
fides in. good yield and purity by a simpler and more
economical route. All these advantages are surprising in
view of the prior art.

The starting materials II and III can be reacted with
one another in the stoichiometric amounts or in excess,
advantageously using from 1 to 4, preferably from 2 to
3, equivalents of starting material III, or of its ammo-
nium salt, per mole of starting material II. Preferred

10

2

starting materials II and, accordingly, preferred end
products I are those in which formulae R!and R2canbe
identical or different groups and each is alkyl of 1-8

carbon atoms, cycloalkyl of 5-8 carbon atoms, aralkyl
or alkylaryl of 7-12 carbon atoms, or phenyl, or Rland -
R? together with the adjacent sulfur atom also form a
>-membered or 6-membered heterocyclic ring. The
above groups can also be substituted by groups which
are inert under the reaction conditions, eg. 0x0, cyano,
and eg. alkyl or alkoxy, each of 1-7 C atoms. If R!

and/or if desired R2 are each a ketone and R3is hydro-

15

20

gen, in addition to the reaction according to the inven-
tion the keto group is converted into the ketoxime
group in the case in which X is O and into the hydra-
zone group in the case in which X is NH.

Thus, the following sulfoxides are examples of suit-
able starting materials II: dimethyl-, dipropyl-, diisopro-
pyl-, dibutyl-, diisobutyl-, di-sec.-butyl-, di-tert.-butyl-,
dicyclohexyl-, dicyclopentyl-, dibenzyl-, diphenyl-,
di-o-methylphenyl-, di-m-methylphenyl-, di-p-methyl-
phenyl-, tetramethylene- and pentamethylenesulfoxide;

- 3,3-dimethyl-1-methylsulfinyl-2-butanone, 2-methylsul-
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- methylsulfinyl-2-propanone

finylacetophenone, 4'-methoxy-2-methylsul-
finylacetophenone, 4'-methyl-2-methylsul-
finylacetophenone, 4'-nitro-2-methylsulfinylacetophe-
none, 4’-chloro-2-methylsulfinylacetophenone,

and 1l-methylsufinyl-3-

butanone.
The hydrazine or hydroxylamine used as starting
material I1I can be substituted by a sulfonic acid or an

- acyl group, but as a rule the unsubstituted hydrazme or

hydroxylamine is used.

The acyl radicals of starting material III can be ali-
phatic, cycloaliphatic, araliphatic or aromatic radicals,
specific examples being methylcarbonyl, ethylcarbonyl,
propylcarbonyl, isopropylcarbonyl, butylcarbonyl,
isobutylcarbonyl, sec.-butylcarbonyl, tert.-butylcarbo-
nyl, cyclohexylcarbonyl, phenylmethylcarbonyl and
phenylcarbonyl. |

The hydroxylamine or hydrazine is advantageously
used in the form of its salts. Examples of suitable salts
are the chloride, nitrate, sulfate, formate and acetate of
hydroxylamine or hydrazine. If the starting material II
1s a B-ketosulfoxide, the reaction is carried out as a rule
at a pH from 6 to 8, preferably 7.

The reaction can advantageously be carried out at
from 20° to 150° C., preferably from 355° to 145° C,,
under atmospheric or superatmospheric pressure, either
continuously or batchwise.

The reaction can be carried out in the presence of a
solvent. Advantageously, a solvent which is inert under
the reaction conditions is used. Examples of suitable
solvents are ethers, eg. ethyl propyl ether, methyl tert.-
butyl ether, n-butyl ethyl ether, di-n-butyl ether, diiso-
butyl ether, diisoamyl ether, diisopropyl ether, cyclo-
hexyl methyl ether, diethyl ether, ethylene glycol di-
methyl ether, tetrahydrofuran and dioxane; esters, eg.
methyl acetate, n-propyl acetate, methyl propionate,

- butyl acetate, ethyl formate, methyl phthalate, methy!l

benzoate, ethyl acetate and phenyl acetate; alkanols and
cycloalkanols, eg. ethanol, methanol, n-butanol, 1sobu-
tanol, tert.-butanol, glycol, glycerol, n-propanol, iso-
propanol, amyl alcohol, cyclohexanol, 2-methyl-4-pen-
tanol, ethylene glycol monoethyl ether, 2-ethylhexanol,
methylglycol, n-hexanol, isohexyl alcohol, isoheptyl
alcohol, n-heptanol, ethylbutanol, nonyl alcohol, dode-
cyl alcohol and methylcyclohexanol, in particular those

1-
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of 1 to 4 carbon atoms; substituted amides, eg. dimethyl-
formamide; water; halohydrocarbons, in particular
chlorohydrocarbons, eg. tetrachloroethylene,
1,1,2,2,-and 1,1,1,2-tetrachloromethane, amyl chloride,
dichloroproane, methyl chloride, dichlorobutane, chlo-
roform, carbon tetrachloride, 1,1,1- and 1,1,2-tri-
chloroethane, trichloroethylene, pentachloroethane,
1,2-dichloroethane, 1,1-dichloroethane, n-propyl chlo-
ride, 1,2-cis-dichloroethylene, n-butyl chloride, 2-, 3-
and 1so-butyl chloride, chlorobenzene, o-, p- and m-
dichlorobenzene, 0-, m- and p-chlorotoluene and 1,2,4-
trichlorobenzene. Ethanol, isobutanol, dimethylform-
amide, tetrahydrofuran, dimethoxyethane and n-
butanol, and appropriate mixtures, are preferred. The
solvent 1s advantageously used 1n an amount of from
100 to 10,000 percent by weight, preferably from 100 to
2,000 percent by weight, based on starting material I1.

Advantageously, a mixture with water and another

solvent, for example, an alkanol is chosen, the amount
of water advantageously being from 0 to 80 percent by
weight, based on the total mixture.

The reaction can be carried out as follows: a mixture
of starting material II and starting material III (or its
quaternary salt) is kept at the above temperature for
from 1 to 32, preferably from 1 to 7, hours. The end
product is then isolated in a conventional manner, for
example by distillation, extraction or filtration.

The sulfides obtained by the process of the invention

are useful starting materials for the preparation of

drugs, pesticides and dyes. The process is particularly
suitable for preparing ketoxime sulfides, which are use-
ful intermediates for insecticides and other active com-
pounds, and the ketosulfoxides used as starting materials
are reduced and oximated in one step by the method
according to the invention.

Regarding the use of these compounds, reference
may be made to the above publication.

In the Examples which follow, parts are by weight.

EXAMPLE 1

26 parts of dimethylsulfoxide are added to 64.8 parts
of hydroxylammonium sulfate at 120° C. in the course
of one hour, and stirring is continued for one hour at the
same reaction temperature. The dimethyl sulfide
formed begins to distill off into a cooled vessel during
the addition. After the reaction is complete, the distil-
late is distilled again, and 15.9 parts (77% of theory) of
dimethyl sulfide pass over at 37° C. |

EXAMPLE 2

4.6 parts of dimethylsulfoxide are slowly added to
22.6 parts of hydroxylamine-O-sulfonic acid at 70° C. in
the course of 10 minutes, and stirring is continued for

one hour at 100° C. 2.2 parts (60% of theory) of di-
methyl sulfide of boiling point 37° C. are 1solated.

EXAMPLE 3

Using a procedure similar to that described in Exam-
ple 1, 70 parts of hydroxylammonium chloride are first
suspended in 50 parts of n-butanol, and thereafter a
solution of 39 parts of dimethylsulfoxide in 80 parts of
n-butanol is added at 120° C. 23.5 parts (76% of theory)
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of dimethyl sulfide of boiling point 37° C. are obtained. .

EXAMPLE 4

78 parts of dimethylsulfoxide are added to 52.5 parts
of hydrazine dihydrochloride at 60° C. in the course of

2 hours, and stirring is continued for one hour at 90° C.
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4

The dimethy! sulfide formed begins to distill off into a
cooled vessel before the addition has ended. After the
reaction is complete, the distillate is distilled again, and

60.9 parts (98% of theory) of dimethyl sulfide pass over -
at 37° C.

EXAMPLES 5 TO 10

Using a procedure similar to that described in Exam-
ple 1 or 4, the sulfoxides listed below are reduced either
by a hydrazine III (in the form of its salt) or by a hy-
droxylamino III (in the form of its salt). 100 parts of
water are added to the reaction mixture, the resulting
mixture is extracted with three times 100 parts of chlo-
roform, and the extract is distilled.

Yield of end
product in -

Ex- % of theory Boiling point
am- ~usinga  usinga of the end
ple hydroxyl- hydra- productin
No. Starting matenial amine IIl zine III °C./mbar

5 Di-n-propylsuifoxide 71 93 142-143/1 000

6 Di-iso-propylsulfoxide 76 91 120-121/1 000

7  Di-n-butylsulfoxide 80 95 85-86/20

8 Di-tert.-butylsulfoxide 70 89 40-41/20

9 Tetramethylen- 72 92 119-120/1 000

sulfoxide

10 Dibenzylsulfoxide 70 90 130-131/0.45

The sulfides formed are characterized by comparison

with the spectroscopic and physical data of authentic
materials.

EXAMPLE 11

56.4 parts of 3,3-dimethyl-1-methylsulfinyl-2-buta-
none, 128.6 parts of hydroxylammonium chloride, 98.6
parts of sodium carbonate, 230 parts of water and 400
parts of iso-butanol at pH 7 are stirred for 32 hours at
95° C. The mixture is cooled to room temperature, after
which the aqueous phase is discarded and the organic
phase is fractionally distilled. 47.9 parts (85% of theory)
of 3,3-dimethyl-1-methylthio-2-butanone oxime of re-
fractive index np?4=1.5008 pass over at 85°-86° C./0.9
mbar.

C H O N S
calculated: 52.1 0.4 9.9 8.7 19.9
found: 53.5 9.5 10.0 8.5 19.2
EXAMPLE 12

18.2 parts of 2-methylsulfinylacetophenone, 29.6
parts of hydroxylammonium sulfate, 19.2 parts of so-
dium carbonate, 80 parts of water and 100 parts of etha-
nol are refluxed for 17 hours. Thereafter, the greater
part of the solvent is distilled off, 300 parts of water are
added, and the mixture is extracted with three times 70
parts of ethyl acetate. The combined organic phases are
dried over sodium sulfate, freed of solvent under re-
duced pressure, and recrystallized from cyclohexane.
8.6 parts (48% of theory) of 2-methylthioacetophenone
oxime of melting point 59°-60° C. are obtained.

- EXAMPLE 13
A mixture of 10.5 parts of meth?lphenyisulfoxide and

21 parts of hydroxylammonmm chloride is stirred for 5
~ hours at 95° C. The reaction mixture is cooled to room
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temperature, after which it is stirred with 100 parts of
methylene chloride, insoluble constituents are filtered
off and washed several times with methylene chloride,
and the combined filtrates are concentrated under re-
duced pressure. From the residue, 7.0 parts (74% of

theory) of methyl phenyl sulfide are distilled off at 45°
C./0.8 mbar.

EXAMPLE 14

A mixture of 15.15 parts of diphenylsulfoxide and 8.4
parts of hydrazine dichloride is stirred for 21 hours at
140° C. The reaction mixture is cooled to room temper-
ature, after which 200 parts of water are added, the
mixture is extracted with four times 70 parts of chloro-
form, and the combined organic phases are dried over
sodium sulfate. The solvent is removed, and thereafter
9.9 parts (71% of theory) of diphenyl sulfide are dis-
tilled off at 92°-95° C./0.1 mbar.

EXAMPLES 15 AND 16

Using procedures similar to those described in Exam-
ple 13 (hydroxylamine) and Example 14 (hydrazine),
the following sulfoxides are reduced by both methods
and are purified by recrystallization instead of by distil-
lation:

3
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R!and R2being converted to ketoximes in the case
in which R3 is hydrogen and X is oxygen, and to

the hydrazones in the case in which R3is hydrogen
and X is

—N-—.
|
H

2. A process as claimed in claim 1, wherein the reac-
tion is carried out using from 1 to 4 equivalents of start-
ing material III, or of its ammonium salt, per mole of
starting material 1L |

3. A process as claimed in claim 1, wherein the reac-
tion is carried out at from 20° to 150° C.

4. A process as claimed in claim 1, wherein the reac-
tion is carried out at from 55° to 145° C.

5. A process as claimed in claim 1, wherein the reac-
tion is carried out using a solvent which is inert under
the reaction conditions.

6. A process as claimed in claim 5 wherein the reac-
tion is carried out in a solvent which is inert under the
reaction conditions, using from 1 to 4 equivalents of
starting material III, or of its ammonium salt, per mole
of starting material II, and at a temperature of from 20°

Yield of the end product in

e %oftheory
Melting point  using a hydroxyl-  using a hydra-

Example of the end amine 111 zine 111
No.  Starting material product in °C. (as its salt) (as its salt)
15 Bis-(4-chlorophenyl)-sulfoxide 03-95 68 78
16 Bis-(4-methylphenyl)-sulfoxide 57 71 80
We claim: to 150° C.

1. A process for the preparation of a sulfide of the
formula

RI—S—R? 1

where R! and R2 can be identical or different groups
and each is alkyl of 1-8 carbon atoms, cycloalkyl of 5-8
carbon atoms, aralkyl or alkylaryl of 7-12 carbon
atoms, or phenyl or chlorophenyl, or where R1and R2
as alkylene groups together with the adjacent sulfur
atom also form a 5-membered or 6-membered heterocy-
clic ring, each of the above groups being unsubstituted
or substituted by oxo, chloro, nitro, cyano or alkyl or
alkoxy of 1-7 carbon atoms each, which process com-
prises: |
reducing a sulfoxide of the formula

ﬁ II
Rl—S—R?

where R! and R2 have the above meanings, by
reacting it with an amine derivative of the formula

H,N—XR3 111

where X 1s oxygen or

H 1
--N—’
and R3is hydrogen, a sulfonic acid group or an acyl

group of a carboxylic acid, or with its ammonium
salt, the carbonyl groups which may be present in

45

50
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7. A process as claimed in claim 6 wherein the reac-
tion is carried out at from 55° to 145° C.

8. A process as claimed in claim 6 wherein the start-
ing material III is the unsubstituted hydrazine
H>N—NH; or hydroxylamine HoN—OH, or ammo-
nium salts thereof.

9. A process as claimed in claim 6 wherein the start-
ing material II is dimethyl sulfoxide.

10. A process as claimed in claim 6 wherein the start-
ing material II is di-n-propylsulfoxide.

11. A process as claimed in claim 6 wherein the start-
ing material II is di-isopropylsulfoxide.

12. A process as claimed in claim 6 wherein the start-
ing material II is di-n-butylsulfoxide.

13. A process as claimed in claim 6 wherein the start-
ing material II is di-tert.-butylsulfoxide.

14. A process as claimed in claim 6 wherein the start-
ing material II is tetramethylensulfoxide.

15. A process as claimed in claim 6 wherein the start-
ing material II is dibenzylsulfoxide.

16. A process as claimed in claim 6 wherein the start-
ing material II is 3,3-dimethyl-1-methylsulfinyl-2-buta-
none.

17. A process as claimed in claim 6 wherein the start-
ing material II is 2-methylsulfinylacetophenone.

18. A process as claimed in claim 6 wherein the start-
ing material II is methylphenylsulfoxide.

19. A process as claimed in claim 6 wherein the start-
ing material II is diphenylsulfoxide.

20. A process as claimed in claim 6 wherein the start-
ing material II is bis-(4-chlorophenyl)-sulfoxide.

21. A process as claimed in claim 6 wherein the start-
ing material II is bis-(4-methylphenyl)-sulfoxide.

3 %
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